This paper proposes an algorithm to generate the augmented reference position trajectory for the realtime 3D robotic phantom system which is used in the quality assurance of the radiation therapy. Quality assuarance is the important clinical part of the radiation therapy which ensures the delivery of the prescribed dose to the tumor of the patient. High precision quality assurance can be a difficult task if the tumor exhibits respiratory induced motion inside the body of the patient, as the motion fluctuates along with time and it suffers large inter-patient difference. This paper presents several algorithms to modify and/or correct the reference tumor trajectory of the patient and generate the augmented reference trajectory sequence for the already existing and tuned control system of the robot manipulator to yield high precision tracking to the original tumor motion trajectory. Experimental validation has been carried out for four lung tumor trajectories in the clinical environment using equipments used in the radiotherapy treatment and it has been shown that the clinical demand on the precision of tumor motion tracking has been satisfied for all the four cases.
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1 mm Fig. 7 The result of x axis tracking when the reference trajectory of patient A shown in Fig.2 was fed to the robot controller with a simple holder scheme as will be detailed in Figure 9 of section 3. The beginning and the end position of the manipulator is almost identical to the reference, but 5mm transient error at its largest can be observed. 
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2 5 4 Fig. 11 The outer feedback control loop introduced to calculate tracking error based reference trajectory correction.
Fig. 12 This figure shows how the manipulator is installed in the experiment room. It is firmly fixed to the table using the bolts tightened by the torque specified by the vendor of the manipulator. Fig. 14 Time history of the instantaneous 3 dimensional positioning error evaluated using the measurements by the realtime tumor tracking system. Results corresponding to three, out of ten possible configurations are plotted in this figure for the patient D trajectory. It can be easily seen from this figure that the 3rd order spline interpolation with delay compensation term gives the best result which is plotted in green. It also provides a smaller worst case error as compared to the value observed with the line segment interpolation scheme which uses the delay attenuation term. Bortfeld, T., Jokivarsi, K., Goitein, M., Kung, J. and Jiang, SB, Effects of intra-fraction motion on IMRT dose delivery: statistical analysis and simulation, Physics in Medicine and Biology, Vol. 47, No.13 (2002) , pp.2203-2220. Mukumoto, N., Nakamura, M., Yamada, M., Takahashi, K., Akimoto, M., Miyabe, Y., Yokota, K., Kaneko, S., Nakamura, A., Itasaka, S., Matsuo, Y., Mizowaki, T., Kokubo, M. and Hiraoka, M., Development of a four-axis moving
